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head; and a robot control apparatus. When laser working 1s
performed, the robot control apparatus controls the laser head
so that the laser beam can draw a predetermined working
pattern on the basis of a predetermined working position on a
work piece. When an operation checking work 1s performed,
the robot control apparatus controls the laser head so that the
visible light beam can be emitted only to a reference position
of the working pattern.
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LASER WORKING APPARATUS AND
METHOD OF CONTROLLING LASER
WORKING APPARATUS

The present application 1s based on Japanese Patent Appli-
cation No. 2006-221297, which was filed on Aug. 14, 2006
and the contents of the application 1s incorporated herein by
reference and to which priority 1s claimed.

1. Field of the Invention

The present invention relates to a laser working apparatus
and a method of controlling a laser working apparatus.

2. Background of the Invention

In recent years, laser working has come to be used in
welding utilizing a robot. As a welding technique of this kind,
a techmique 1s known 1n which a predetermined welding point
1s welded with a laser emitting apparatus for emitting a laser
beam being attached to the extremity of a robot arm (a
manipulator) while a laser beam 1s moved by moving the
robot arm and, at the same time, changing the direction of
laser beam emitted from the laser emitting apparatus (for
example, refer to Japanese Patent Application Laid-open
Publication No. 2005-177862). The welding of this kind has
been called “remote welding” since the workpiece and the
laser emitting apparatus are more distant from each other than
those 1n conventional welding.

In the case of causing a robot to perform some work, a user
teaches the robot a procedure for performing the work, and
instructs the robot to memorize the procedure as teaching data
(otherwise termed a teaching program). A method of per-
forming such teaching work of robot operations through com-
puter simulation has been termed “off-line teaching™ or the
like (for example, refer to Japanese Patent Application Laid-
open Publication No. 2001-105137).

In the above-mentioned remote welding, movements of the
robot and the direction of the laser beam are formed as teach-
ing data by, for example, oif-line teaching work as mentioned
above, and the teaching data 1s to be set 1n a robot control
apparatus.

Incidentally, 1n a case where the off-line teaching 1s per-
formed, the teaching data obtained through the simulation 1s
not immediately used 1n manufacturing operations after being,
implemented into actual equipment, but checked through a
test operation performed by the equipment whether the equip-
ment can be operated as itended.

In the remote welding, however, a laser emitting apparatus
and a workpiece are distanced from each other unlike a weld-
ing gun by which welding 1s performed 1n proximity to a
workpiece as has been conventionally performed. This has
made 1t difficult to determine, 1n the test operation performed
by the actual equipment, whether or not the robot and the
mirror operates such that a laser beam 1s directed to a desired
position on the workpiece, that 1s, a designed welding point.

OBJECT OF THE INVENTION

Consequently, an object of the present invention 1s to pro-
vide a laser working apparatus that 1s easier to check a laser-
beam target position at the time of checking instruction opera-
tions 1n a case where the laser emitting apparatus and the
workpiece are distanced from each other. Another object1s to
provide a method of controlling a laser working apparatus.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there 1s
provided a laser working apparatus comprising: a laser head
provided with a reflector; a laser oscillator configured to
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2

output a laser beam for welding and a visible beam, the laser
oscillator being connected to the laser head 1n such a way that

one of the laser and visible beams 1s inputted to the laser head;
a mover configured to move the laser head, the mover having
the laser head attached thereto; and a controller configured to
control the mover so as to move the laser head 1n accordance
with a previously taught movement route, and configured to
also control the laser oscillator and laser head 1n such a way
that the laser oscillator outputs the laser beam and the laser
beam mputted to the laser head 1rradiates a work piece 1n a
predetermined working pattern. The controller comprises a
working position checking controller configured to control
the mover so as to move the laser head 1n accordance with the
previously taught movement route, and configured to also
control the laser oscillator and laser head 1n such a way that
the laser oscillator outputs the visible beam and the visible
beam inputted to the laser head irradiates the work piece 1n a
checking pattern indicating a reference position for the pre-
determined working pattern. The working position checking
controller 1s provided with two alternative modes, the two
alternative modes including a central position mode 1n which
the visible beam 1rradiates the work piece at a central position
of the predetermined working pattern and a working pattern
mode 1n which the visible beam 1rradiates the work piece in a
same pattern as the predetermined working pattern.

According to another aspect of the present invention, there
1s provided a laser working apparatus comprising: a laser
head provided with a retlector, the retlector being configured
to change a direction of an 1put beam; a laser oscillator
configured to output a laser beam for welding and a visible
beam, the laser oscillator being connected to the laser head in
such a way that one of the laser and visible beams 1s inputted
to the laser head as the mput beam; a mover configured to
move the laser head, the mover having the laser head attached
thereto; and a controller. The controller has a work mode for
welding 1n which the controller causes the mover to move the
laser head 1n accordance with a movement route previously
taught, causes the laser oscillator to set, as the input beam, the
laser beam for welding, and controls the laser head to move
the reflector 1n such a way that the laser beam for welding
irradiates a work piece 1n a predetermined working pattern.
The controller has a test mode for checking the movement
route previously taught in which the controller causes the
mover to move the laser head 1n accordance with the move-
ment route previously taught, causes the laser oscillator to set,
as the input beam, the visible beam, and controls the laser
head to stop movement of the reflector in such a way that the
visible beam irradiates the work piece at a reference position
for the predetermined working pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic configuration diagram of a laser
welding system to which the present invention 1s applied.

FIG. 2 1s an internal structure diagram of a laser emitting
apparatus described 1n FIG. 1.

FIG. 3 1s an internal structure diagram of a laser oscillator
described 1n FIG. 1.

FIG. 4 1s a block diagram showing a control system of a
laser welding system according to an embodiment of the
present 1nvention.

FIG. 5 1s an illustration showing one example of a shape of
a working pattern used in the embodiment.

FIG. 6 1s an illustration showing another example of shape
of the working pattern used in the embodiment.

FIG. 7 1s an illustration showing still another example of
shape of the working pattern used 1n the embodiment.
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FIG. 8 1s a flowchart showing an operation procedure at the
time of laser welding according to the embodiment.

FIG. 9 1s an explanatory drawing for explaiming welding
beads of laser welding according to the embodiment.

FI1G. 10 1s a flowchart showing an operation procedure at
the time of a central-position mode according to the embodi-
ment.

FIG. 11 1s a drawing showing a track of a visible laser beam
on a work piece 1n the central-position mode according to the
embodiment.

FI1G. 12 1s a drawing showing a track of a visible laser beam
on a work piece 1 a working-pattern mode according to the
embodiment.

FIGS. 13 A and 13B are explanatory drawings for explain-
ing eifects of the central-position mode and the working-
pattern mode according to the embodiment.

FIGS. 14A and 14B are explanatory drawings for explain-
ing eifects of the central-position mode and the working-
pattern mode according to the embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

An embodiment to which the present invention 1s applied
will be described in detail below with reference to the accom-
panying drawings.

FIG. 1 1s a schematic configuration diagram of a laser
working apparatus 1n the form of a laser welding system to
which the present invention 1s applied; Fig, 2 1s an internal
structure of a laser head 1n the laser welding system; and FIG.
3 1s an mternal structure diagram of a laser oscillator in the
laser welding system.

The laser welding system shown 1in FIG. 1 1s configured to
irradiate a work piece W with a laser beam 100 from a laser
head 3 positioned above the work piece W, and thereby per-
form welding of the work piece W, which 1s a welded object
provided as an object of the working, without coming in
contact with the work piece W directly.

The 1llustrated laser welding system 1s composed of the
following: a robot 1 (the mover); a laser head 3 which 1s
attached to the extremity of an arm 2 of the robot 1, and which
outputs the laser beam 100; a laser oscillator 5 which gener-
ates the laser beam; an optical fiber cable 6 which guides the
laser beam from the laser oscillator 5 to the laser head 3: a
robot control apparatus 7 (the working controller and the
working position checking controller) which controls opera-
tions of the robot 1 and the laser head 3; a teaching box 8
which sends various instructions to the robot control appara-
tus 7; and a CAD system 9 which sends CAD data to the robot
control apparatus 7.

The robot 1 1s a commonly used multi-axis robot, and 1s
capable of moving the laser head 3 to various three dimen-
sional positions and directions by having the arm 2 driven 1n
accordance with the route data provided by teaching work. A
YAG laser 1s used for the laser oscillator 5, and the laser beam
generated by the laser oscillator 5 1s guided to the laser head
3 through the optical fiber cable 6. The laser head 3 reflects the
guided laser beam by a reflecting mirror 11 embedded
therein, and scans a working point (termed as a welding point
hereinafter) on the work piece W with the intensive laser
beam 100. The laser beam 100 1s directed to the working
point, and welding of the working point (formation of the
welding heads) 1s then carried out 1n accordance with the
shape scanned by the laser head 3.

The robot control apparatus 7 controls operations of the
robot 1 while recognizing the positions of the robot 1, and
also, controls the laser head 3 (the reflecting mirror 11) so as
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to change the direction of laser beam. Additionally, the robot
control apparatus 7 controls ON/OFF of the laser output from
the laser oscillator 5.

By obtaining the CAD data from the CAD system 9, the
robot control apparatus 7 can also grasp which part of the area
on the work piece W the laser head 3 should irradiate the work
piece W with the laser beam 100.

The laser head 3 1s capable of changing the direction of one
of a laser beam and a visible laser beam (a visible beam)
which have been mputted thereto. That 1s, as shown 1n FIG. 2,
the laser head 3 includes: the reflecting mirror 11 (the reflec-
tor) for directing the laser beam 100 guided through the
optical fiber cable 6 to the welding point; motors 16 and 17
which deflect the reflecting mirror 11; and a lens group 12.

An axis line passing through the mirror surface of the
reflecting mirror 11 and perpendicular to the mirror surface 1s
set as a Z-axis, while the axes orthogonal to the Z-axis are
defined as an X-axis and a Y-axis. The reflecting mirror 11 1s
supported so as to Ireely rotate independently around the
X-axis and around the Y-axis. The motors 16 and 17 change
the direction of the reflecting mirror 11 1n a three-dimensional
direction by synthesis of rotating positions of the respective
motors. Accordingly, the reflecting mirror 11 1s arranged in
such a way that a laser beam incident from the optical fiber
cable 6 can be freely oriented in a three-dimensional direc-
tion. By rotating the reflecting mirror 11 in a three-dimen-
sional direction, the laser head 3 can 1rradiate the work piece
W with the laser beam 1n a scanning pattern (a working
pattern) corresponding to a predetermined shape on the weld-
ing point set on the work piece W.

In a case where a below-mentioned visible laser beam 1s
inputted to the laser head 3 1n place of a laser beam for
welding, the laser head 3 can irradiate various patterns
(checking patterns) with the inputted visible laser beam in the
same manner as described above.

The lens group 12 1s composed of: a collimating lens 121
for making a laser beam into parallel rays, the laser beam
having been emitted from an end portion of the optical fiber
cable 6; and a condensing lens 122 for condensing, on the
work piece W, the laser beam 100 having been made mto the
parallel rays. Thus, the laser head 3 1s required to maintain the
distance to the work piece W so that the distance from the
welding point to the reflecting mirror 11 falls within a certain
range.

Inside the laser oscillator 5, a visible-laser beam oscillation
source 302 1s provided 1n addition to a YAG laser oscillation
source 501 as shown 1n FIG. 3. The visible laser beam oscil-
lation source 502 1s, for example, a semiconductor laser. The
visible laser beam 1s not specified as long as 1t has a wave-
length range visible to human eyes. Accordingly, any one of
various visible laser beams including ones of short wave-
lengths, such as a red beam and a green beam, and a white
beam can be utilized. Additionally, a visible laser beam 1s
preferable because of an excellent rectilinear propagation
thereof. Incidentally, a normal visible light outputted from a
light emitting diode may be substituted for the visible laser
beam.

A switching mirror 503 inside the laser oscillator 5 can
switch between the case of outputting a YAG laser beam to the
optical fiber cable 6 and the case of outputting the visible laser
beam (the visible light) to the optical fiber cable 6. That is, the
YAG laser beam 1s outputted to the optical fiber cable 6 when
the switching mirror 503 1s located at the solid line, and the
visible laser beam 1s outputted to the optical fiber cable 6
when the switching mirror 503 1s located at the dotted line.

The switching mirror 503 1s switched by an instruction
from the robot control apparatus 7, or manually, and 1is
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switched so that the YAG laser can be outputted when laser
welding 1s to be applied, or so that the visible laser beam can
be outputted at the time of test operation. Incidentally, inside
the laser oscillator 5, provided are lens systems 504 to 506,
which are necessary to guide any one of the YAG laser beam
and the visible laser beam to the switching mirror 503 and to
the optical fiber cable 6, according to need.

FI1G. 4 15 a block diagram 1llustrating a control system of
the laser welding system according to this embodiment.

The robot control apparatus 7 1s provided with a teaching
data storage unit 21, a robot control unit 22, a working pattern
storage unit 23, a working pattern generation unit 24, and a
laser beam scanning control unit 25 and a test mode control
unit 27.

The teaching data storage unit 21 stores an operation route
and an operation speed of the robot 1, and a welding point on
the work piece W, which are previously taught through teach-
ing work in a sitmulation utilizing a CAD system. The welding
point indicates a welding position on the work piece W, and 1s
expressed on a three-dimensional coordinate. Incidentally,
instead of teaching data obtained through a simulation, teach-
ing data obtained by using actual equipment may be used.

The robot control unit 22 controls rotation of the respective
axis motors of the robot 1 based on the teaching data, and
thereby controls the laser head 3 so as to move 1n accordance
with the predetermined operation route, and to sequentially
stop at given positions, which are, for example, predeter-
mined positions above the welding points set on the work
piece W. The robot control unit 22 1s configured also to
recognize the position of the robot 1 based on the rotation
number (encoder number) of the respective axis motors.
Thus, the robot control unit 22 functions as a position recog-
nition unit which recognizes a position of the robot 1 as well.
Furthermore, the robot control unit 22 also has a function of
judging, based on the recognized position of the robot 1,
whether or not the laser head 3 1s located at a position from
which a laser beam can be oriented to a certain welding point
on the work piece W.

The working pattern storage unit 23 1s a storage unit which
stores the scanning pattern (the working pattern) scanned by
the laser head 3 with the laser beam 100. The scanning pattern
stored in the working pattern storage unit 23 may have any
shape of any size. In this embodiment, an S-shaped working
pattern shown 1n FIG. 5 1s stored, for example. A size of such
an S-shaped working pattern 1s defined as longitudinal and
lateral dimensions expressed, for example, respectively as a
length (a welding length) of certain millimeters and a width (a
welding width) of certain millimeters. Incidentally, although
descriptions, 1n this embodiment, are given with respect to a
case where the working pattern 1s an S-shaped pattern, the
working pattern may be a bar-shaped pattern as shown in FIG.
6, or may be a circle-shaped pattern as shown i FIG. 7.
Incidentally, because the working pattern 1s generated by
CAD, data from CAD are stored 1in the working-pattern stor-
age unit 23.

A method of expressing the working pattern will now be
described. The working pattern 1s composed of: the central
coordinate of the welding point which 1s given within the
working pattern; and a sequence of plural coordinate points
cach defined by an offset amount from the central coordinate
point of the welding point. The central coordinate point of the
welding point and the sequence of coordinate points are
expressed as coordinates 1n the same coordinate system as the
work piece W.

For example, 1n a case where the working pattern 1s an
S-shaped pattern as shown 1n FIG. §, the welding length and
the welding width of the S-shaped pattern 1s defined as shown
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in the drawing. The same coordinate system (Wx, Wy, Wz) as
1s defined for the work piece W 1s defined by having a bary-
center of the S-shaped pattern as the central coordinate point
(Wxcnt, Wycent, Wzcent) of the welding point, and by having
the central coordinate point of the welding point as the origin

of the coordinate system. A sequence of 80 coordinate points
from (Wxcnt +Wx(0), Wycnt +Wy(0), Wzcent +Wz(0)) to

(Wxent +Wx(79), Wyent +Wy(79), Wzent +Wz(79)) are then
defined as offset amounts (vector quantities shown by dotted
lines 1n the drawing) from the central coordinate point of the
welding point. These offset amounts expressed as vectors
indicate how distant the respective points are from the central
coordinate point of the welding point. Incidentally, each of
the offset amounts can be defined as a two-dimensional offset
amount, and can also be defined as a three-dimensional offset
amount.

In a case where the working pattern 1s a bar-shaped pattern
as shown 1n FIG. 6, the same coordinate system (Wx, Wy, Wz)
as the work piece W 1s defined by having a barycenter of the
bar-shaped pattern as the central coordinate point (Wxcnt,
Wycnt, Wzent) of the welding point, and by having the central
coordinate point of the welding point as an origin of the
coordinate system. A sequence of 30 coordinate points from

(Wxcent +Wx(0), Wycent +Wy(0), Wzent +Wz(0)) to (Wxent
+Wx(29), Wycnt +Wy(29), Wzent +Wz(29)) are then defined
as olfset amounts (vector quantities shown by dotted lines 1n
the drawing) from the central coordinate point of the welding
point.

In a case where the working pattern 1s a ring-shaped pattern
as shown 1n FIG. 7, the same coordinate system (Wx, Wy, Wz)
as the work piece W 1s defined by having a barycenter of the
circle-shaped pattern as the central coordinate point (Wxcnt,
Wycnt, Wzent) of the welding point, and by having the central
coordinate point of the welding point as an origin of the
coordinate system. A sequence of 80 coordinate points from

(Wxcnt +Wx(0), Wycent +Wy(0), Wzent +Wz(0)) to (Wxent
+Wx(79), Wycnt +Wy(79), Wzent +Wz(79)) are then defined
as offset amounts (vector quantities shown by dotted lines 1n
the drawing) from the central coordinate point of the welding
point.

While the working pattern stored 1n the working-pattern
storage unit 23 1s generated by the CAD system 9 (refer to
FIG. 1) as the welding point 1s, the welding point and the
working pattern are taught individually and independently by
the CAD system 9. That 1s, the welding point and the working
pattern can be treated as data totally different from each other.
For this reason, the teaching data storage unit 21 and the
working pattern storage unit 23 are provided independently.

The working pattern generation unit 24 1s configured to
generate an S-shape having the size as stored 1n the working-
pattern storage unit 23 based on the S-shape of the working
pattern stored in the working-pattern storage unit 23, or to
generate an S-shape having a size prescribed by an instruction
unmt 26 of the teaching box 8.

The laser beam scanning control unit 25 inputs the
S-shaped working pattern having the size generated by the
working pattern storage unit 23. At the same time, the laser
beam scanmng control unit 25 calculates an S-shaped
sequence ol coordinate points (about 80 points) to be irradi-
ated on the welding point 1n consideration of the position of
the robot 1 recognized by the robot control unit 22, and
deflects the reflecting mirrors 11 of the laser head 3 based on
the S-shaped series of coordinate points. Furthermore, the
laser beam scanning control unit 235 also has a function of
converting, into coordinates 1n the coordinate system of the
robot 1, the central coordinate point for the working pattern,
and the series of the plurality of coordinate points each




US 8,168,919 B2

7

expressed as an offset amount from the central coordinate
point, both of which are expressed as coordinates 1n the coor-
dinate system of the work piece W.

The nstruction unit 26 1s configured to give instructions of
a s1ze ol the working pattern for the welding point on the work
piece W. The instruction unit 26 gives mstructions of the size
in accordance with, for example, welding strength required
for the welding, for example, a length and a width of the
S-shaped working pattern being respectively three-times as
large as a length of the S-shaped working pattern stored 1n the
working pattern storage unit 23, and 1.5 times as large as a
width thereof. Incidentally, instead of being 1nstructed by the
instruction unit 26, the size of the working pattern may be
previously embedded in a program which 1s loaded when the
laser welding 1s applied.

At the time of operations of a test mode, the test mode
control unit 27 controls the robot control unit 22 and the laser
oscillator 5 by setting them under the test mode, and thereby
emits a visible laser beam onto the work piece W.

In this embodiment, two types of test modes are available
as the test modes executed by the test mode control unit 27.

A test mode includes two alternative modes. A first one of
the test modes 1s a central position mode 1n which the visible
laser beam 1s 1irradiates the work piece W at only a position of
the welding point which 1s stored 1n the teaching-data storage
unit 21. A second one of the test modes 1s a working pattern
mode in which the visible laser beam irradiates the work piece
W 1n the above mentioned working pattern.

Accordingly, 1n the central position mode, the work piece
W 1s 1rradiated 1mn a checking pattern indicating only the
central position of the working pattern with the visible beam.
In this case, the checking pattern may employ any one of
various shapes including, for example, a dot shape which 1s
the same as a spot shape of the visible laser beam; a circle
shape slightly larger than the spot shape; an X-shape (an x
mark) where the central position of the working pattern 1s
positioned at the intersection of X; and furthermore, an
encircled x mark. A shape that can be easily recognized by a
user 1s to be selected, as appropriate, from among the various
shapes, and then to be stored as the checking pattern 1n
advance so that the test mode control umt 27 can use the
selected shape.

On the other hand, 1n the working pattern mode, when the
working pattern 1s, for example, the S-shaped pattern, the
work piece W 1s 1rradiated with the visible beam in accor-
dance with the sequence of coordinate points (about 80
points) constituting the shape of S.

Incidentally, 1mn the central position mode and working
pattern mode, the test mode control unit 27 instructs the laser
oscillator 5 to output the visible laser beam. Thereby, the laser
oscillator 27 starts oscillation of the visible beam oscillation
source 502 to output the visible laser beam by completely
stopping oscillation of the YAG laser oscillation source 301,
and, at the same time, by moving the switching mirror 503 to
the visible beam outputting position (the position indicated
by the dotted line in FIG. 3).

Being extended operations of the teaching operations,
instructions 1n the test modes are executed by input from the
instruction unit 26 of the teaching box 8.

Next, an operation working procedure of the robot control
unit at the time of laser welding will be described 1n detail
based on the flowchart shown in FIG. 8.

A basic operation of the robot control unit 22 at the time of
laser welding includes: stopping the robot at a taught posi-
tion; conducting, at that position, the laser welding at one
welding point that 1s 1irradiated by the laser head 3; and, when
the laser welding should be conducted at the next welding
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point, moving the robot further to the next taught position to
carry out the laser welding. By repeating the basic operation,
the robot control unit 22 sequentially conducts the laser weld-
ing at all of the welding points one after another, and as a
result, the laser welding 1s completed for all of the welding
points.

First, the robot control unit 22 reads the teaching data for
the laser welding (S1). The teaching data includes description
of, for example, a robot stop position, an operational speed,
the central coordinate point of a welding point, a working
pattern, a welding length, a welding width and other opera-
tional instructions required for control, and the robot operates
in accordance with the teaching data.

Next, the robot control unit 22 judges whether or not weld-
ing using the working pattern stored in the working-pattern
storage unit 23 should be conducted. This judgment can be
made by finding whether or not the teaching data contain a
description for conducting the welding by retrieving the
working pattern (S2). If the thus read teaching data does not
contain this description on the working pattern, the robot 1s
not mstructed to conduct the welding using the working pat-
tern (NO 1 S2), and thereby conducts normal laser welding
(S3). Detailed description on this normal laser welding (53) 1s
hereby omitted since this welding does not directly relate to
the present invention.

The robot control unit 22 causes the robot 1 to operate 1n
accordance with the teaching data, in such a way that the robot
1 moves the laser head 3 at the operational speed described 1n
the teaching data, and positions the laser head 3 at the robot
stopping position. At the same time, the robot control unit 22
positions the reflecting mirror 11 of the laser head 3 toward
one welding point on the work piece W (S4). Specifically, the
direction of the reflecting mirror 11 1s adjusted to orient a
laser beam to the central coordinate point of the welding
point. From this position, the laser head 3 can orient the laser
beam to the specific welding point.

The working-pattern generation unit 24 reads the working
pattern from the working pattern storage unit 23 (S55). In this
embodiment, the S-shaped working pattern shown in FI1G. 51s
read.

In order to irradiate the work piece W in the working
pattern for the welding point, the working pattern generation
unmt 24 computes coordinates of the respective 80 points of
the working pattern based on the central coordinate point of
the welding point, the welding width and the welding length
which are described 1n terms of the coordinate system of the
work piece W, and have been read (or are stored 1n the work-
ing-pattern storage unit 23) (56).

Next, the working pattern generation unit 24 shafts the thus
computed 80 coordinate points of the working pattern 1n the
longitudinal direction (the direction of the welding length)
and 1n the lateral direction (the direction of the welding width)
in accordance with the “welding width” and the “welding
length’ which are described in the teaching data having been
read, 1in a biasing process during which the working pattern
having a required size 1s generated (S7).

The laser beam scanning control unit 25 converts the 80
coordinate points of the thus generated working pattern from
the coordinate system of the work piece into the coordinate
system of the robot 1. At the same time, the laser beam
scanning control unit 25 mputs the position of the robot 1
recognized by the robot control unit. The laser beam scanning
control unit then computes data used for welding 1 an
intended manner (the angle of the retlecting mirror 11 at each
of times from the start of rotation to the end of rotation) of
rotating the reflecting mirror 11 for drawing the working
pattern having the required size on the welding point of the
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work piece W, the welding point being set as a target with the
current position of the robot 1 (S8).

Upon completion of the abovementioned computation, the
robot control unit 7 instructs the laser oscillator 5 to output a
laser beam (a YAG laser beam ) in accordance with the teach-
ing data (the laser oscillator 1s turned ON 1n S9). When the
laser oscillator 5 1s turned ON, the laser beam 1s emitted
toward the reflecting mirror 11, and the reflecting mirror 11
then rotates as calculated.

The laser beam scanning control unit 25 judges whether or
not the rotation of the reflecting mirror 11 (or the emission of
the working pattern) has been completed (S10). When the
rotation of the retlecting mirror 11 has not been completed,
the laser welding 1s continued with the laser oscillator 5 being,
ON (NO 1n S10), and, when the rotation of the reflecting
mirror 11 has been completed (YES 1n S10), output of the
laser beam 1s stopped by canceling the instruction for output-
ting the YAG laser from the laser oscillator 5 (the laser oscil-
lator 1s turned OFF 1n S11), thereby laser welding 1s ended.

Emission of the working pattern to the one welding point 1s
completed by the above working. To weld a plurality of weld-
ing points, the above working 1s to be sequentially executed
the number of times equal to the number of the welding
points.

Thereby, as shown 1 FIG. 9, the welding beads B are
formed on plural positions of welding points on the work
piece W with the working patterns respectively specified
(ecach being S-shaped in this embodiment).

As has been described above, 1n this embodiment, 1n the
case of welding having a plurality of welding points, the robot
control apparatus 7 stores data on the working pattern apart
from the teaching data relating to operations of the robot 1.
Thereby, laser welding 1s configured to be applied based on
the data on the working pattern after the robot 1 has been
positioned 1n relation to each of the welding points. Accord-
ingly, it 1s not required to teach the working pattern with
respect to each of the welding points. Consequently, a time
required for teaching 1s considerably reduced. Furthermore, a
shape of the working pattern can also be changed easily only
by changing data stored in the working pattern storage unit 23
when the shape of the working pattern 1s needed to be
changed.

Note that, although the S-shaped pattern 1s exemplified as
the working pattern herein, a shape of the working pattern to
use may be selected 1n accordance with a kind of the work
piece by having the above-described bar-shaped and round
working patterns also kept stored 1n the working-pattern stor-
age unit 23. Moreover, a shape of the working pattern may be
selected with respect to each of the welding points.

Next, an operation working procedure of the robot control
unit at the time of the central position mode 1n the test mode
will be described 1n detail based on the flowchart shown in
FIG. 10.

A basic operation of the robot control unit 22 at the time of
the central position mode includes: stopping the robot 1 at a
taught position; keeping a visible laser beam 1rradiating the
work piece W over the same period of time as taken 1n a case
where the welding 1s conducted for one welding point, which
the laser head 3 irradiates with the visible laser beam; and
likewise, when there 1s a next welding point, moving the robot
1 to a next taught position to emit the visible laser beam and
repeating the operation.

Execution of the central position mode is firstly started by
inputting, from the teaching box 8, an instruction on execu-
tion of the central position mode. With this instruction, the
laser oscillator 5 and the respective control units 1n the robot
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control unit 7 enter the test mode, and operate 1n accordance
with 1nstructions from the test mode control unit 27.

Then, the test mode control unit 27 firstly instructs the laser
oscillator 3 to output a visible laser beam (S21). This instruc-
tion 1s set as a mandatory instruction, and, during the test
mode, the test mode control unit 27 does not accept the other
instructions until this instruction 1s cancelled. Incidentally, a
visible laser beam may be outputted by switching the laser
oscillator 5 manually, mnstead of by the instruction for output-
ting a visible laser beam from the test mode control unit 27, so
that a YAG laser beam 1s prevented from being emitted what-
ever instruction 1s mputted 1n the laser oscillator 5.

Next, the test mode control unit 27 instructs the robot
control unit 22 to read the teaching data for the laser welding.
This teaching data 1s the same as the one used 1n the control at
time of the above described laser welding (S22).

Thereby, the robot control unit 22 comes to judge, based on
the thus read teaching data, whether or not to apply the weld-
ing using the working pattern stored in the working-pattern
storage unit 23 as in the case with the laser welding. Accord-
ingly, the test mode control umt 27 acquires a result of the
judgment made by the robot control unit 22 as to whether or
not to apply the welding using the working pattern (S23).

When an welding operation using the working pattern 1s
judged to be applied, that 1s, when the teaching data 1s judged
to contain a description on the working pattern (YES 1n S23),
the test mode control unit instructs the robot control unit 22 to
change the result of the judgment made by the robot control
umt 22 to “an welding operation using the working pattern 1s
not to be applied” (S24). Thereby, the robot control unit 22
recognizes that the welding operation using the working pat-
tern 1s not to be applied by having the result of the judgment
made by itself changed.

On the other hand, when the result of the judgment made by
the robot control unit 22, which has been acquired in step S23,
1s that the welding using the working pattern 1s not to be
conducted (NO 1n step S23), the processing advances directly
to the next step S25.

Then, 1n step S25, the test mode control unit 27 instructs the
robot control unit 22 to start operating (S25). At this time,
although the 1nstruction for outputting the YAG laser beam 1s
executed (S9 mentioned above) along with a progress of
operations of the robot control unit 22 in accordance with the
teaching data, the laser oscillator S never outputs the YAG
laser beam even with the 1nstruction for outputting the YAG
laser beam because of the mandatory instruction (or the
manual switching) provided 1n step S21.

Then, with the instruction to start operating, the robot
control umt 22 causes the robot 1 to operate 1n the same
manner as it normally does, moves the laser head 3 at the
operation speed described 1n the teaching data, and positions
the laser head 3 at the robot stopping position. At the same
time, the robot control unit 22 positions the reflecting mirror
11 of the laser head 3 toward a welding point on the work
piece W. Specifically, the direction of the reflecting mirror 11
1s adjusted to orient a visible laser beam to the central coor-
dinate point of the welding point. Consequently, the visible
laser beam 1s oriented to the central coordinate point of the
welding point. Thereby, orienting the visible laser beam to the
one welding point 1s completed. In the case of having a
plurality of welding points, execution of the above-men-
tioned processes 1s repeated the number of times equal to the
number of welding points.

In the central-position mode, because the robot control unit
22 reads the same teaching data as the one used when the laser
welding 1s actually conducted, the visible laser beam 1s ori-
ented only to taught welding points over the same time period
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as taken for orienting the laser beam to the welding points at
the time of 1rradiating the work piece W with the laser beam.

Next, operations of the robot control unit at the time of the
working-pattern mode 1n the test mode will be described.

In the working pattern mode, operations of the robot 1 and
the reflecting mirror 11 may be the same as normal welding
operations thereol, and the only difference 1s that the opera-
tions are configured so that the visible laser beam can be
emitted.

Accordingly, 1n the working-pattern mode, the test mode
control umit 27 informs the respective units about execution of
the test mode, and, after firstly instructing the laser oscillator
5 to output a visible laser beam by a mandatory instruction (or
manually), the test mode control unit 27 1s supposed to
instruct the robot control unit 22 to operate 1n the same man-
ner as it does 1n normal welding operations thereof.

Note that, although the instruction for outputting the YAG
laser beam 1s executed during execution of the normal opera-
tions of the robot control unit 22 in the working-pattern mode
as well, the YAG laser beam 1s never outputted even 1f the
instruction for outputting the YAG laser beam 1s provided
from the robot control unit 22. This 1s because the laser
oscillator 3 has been firstly switched so as to output the visible
laser beam by the mandatory instruction (or manually).

Accordingly, 1n the working-pattern mode, for a case
where the working pattern 1s used, the laser head 3 irradiates
the working pattern on a work piece with the visible laser
beam 1n the same manner as i1t does at the time of normal laser
welding.

Here, effects of the central-position mode and the working-
pattern mode will be described.

FIG. 11 1s a drawing showing a track of the visible laser
beam on a work piece 1n the central-position mode. FIG. 12 1s
a drawing showing a track of the visible laser beam on a work
piece in the working-pattern mode. Here, description on both
of these cases will be given assuming the case of having a
plurality of welding points.

Firstly 1n the central-position mode, as shown 1n FI1G. 11,
the visible laser beam 1s oriented to taught positions of the
welding points by denoting them as points bl to b3, and
accordingly, how much these points deviate from welding-
point positions Al to A3 1s clearly recognized. In the case
shown 1n the drawing, how much the central points of the
welding points deviate 1s known with respect to when the
teaching data 1s directly used (the amount of deviation shown
in the drawing 1s D).

In the working-pattern mode, on the other hand, as shown
in F1G. 12, 1n a case where welding beads are formed 1nto an
S-shape, the visible laser beam irradiates the work piece W 1n
a working pattern. Accordingly, 1n a case where the welding
beads are formed with the working pattern having a predeter-
mined shape, spread of the welding beads with such a pattern
can be checked.

In the working-pattern mode, however, the visible laser
beam 1s not emitted to the positions of the welding points
themselves, and as a result, the central positions (or the ref-
erence positions) of the working patterns cannot be recog-
nized.

Hence, the central-position mode or the working-pattern
mode 1s preferably to be selected as appropriate according to
a purpose of use. For example, preferable manners include
that: the central-position mode 1s selected in the case of
checking deviation between designed positions of welding
points and taught positions thereof, whereas the working-
pattern mode 1s selected 1n the case of mtending to check
spread of welding beads when the welding beads are formed
by drawing working patterns.
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Furthermore, other effects of the central-position mode and
the working-pattern mode will be described.

FIGS. 13A and 13B are explanatory drawings for explain-
ing effects of the central-position mode and the working-
pattern mode according to this embodiment, and regard to a
case example where a welding point 1s added. Here, a welding

point A3 1s the added point.

In the central position mode, as shown 1n FIG. 13A, by
having a welding point added 1n the teaching data so that the
welding point can be added, the position of that welding point
A3 on the work piece W 1s 1rradiated on an “as-1s” basis with
a visible laser beam b3. Thereby, whether the position of the
added welding point 1s at the designed position on the work
piece W can be easily determined. For example, 1t becomes
casier to check how distant the added welding point A3 1s
from an end WE of the work piece (DE shown 1n the drawing).
Accordingly, by checking whether or not the value of the
distance DE 1s the same as a designed distance from the end
WE of the work piece to the welding point A3, 1t becomes
possible to determine, without reproducing the working pat-
tern, whether or not formation of welding beads can be per-
tformed as designed 1n the case of applying welding by use of
the working pattern.

On the other hand, 1n the working-pattern mode, as shown
in FIG. 13B, a working pattern L2 1s drawn as a predeter-
mined working pattern thereof by the visible laser beam by
setting the added welding point at the center of the working
pattern L2. Accordingly, 1n a case where welding as specified
by the working pattern 1s applied to the added welding point,
the manner of the spread with which the welding beads are
formed can be recognized. In the example shown 1n the draw-
ing, the working pattern lies off (NG shown in the drawing)
the end WE of the workpiece.

Furthermore, still other effects of the central-position
mode and the working-pattern mode will be described.

FIGS. 14A and 14B are explanatory drawings for explain-
ing effects of the central-position mode and the working-
pattern mode according to the embodiment, and regard to a
case example where a shape of the working pattern 1is
changed. Here, an S-shaped pattern 1s changed into a
C-shaped pattern.

In the central-position mode, as shown 1n FIG. 14A, a
position of a welding point 1s indicated by the visible laser
beam even 1n a case where the working pattern has been
changed. Accordingly, without reproducing the working pat-
tern, 1t becomes possible to determine, based on a si1ze and the
central position of a welding point of a working pattern after
the change, whether or not the working pattern after the
change corresponds with the designed welding bead position.

In the working-pattern mode, on the other hand, as shown
in FI1G. 148, aworking pattern L3 1s drawn by the visible laser
beam 1n accordance with the working pattern after the
change. Accordingly, whether or not welding according to the
working pattern after the change can be applied can be
checked.

As has been described above, when operations based on the
teaching data taught so as to form welding beads by drawing
a predetermined working pattern are tested, a difference
between a designed welding point and a welding point
obtained by reproducing the teaching data can be easily rec-
ognized by indicating the welding point itself instead of the
working pattern by emitting a visible laser beam employing
the central-position mode. Moreover, because the working-
pattern mode for emitting the visible laser beam according to
the working pattern 1s included, spread of welding beads with
the working pattern can be checked.

[
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Although the embodiment to which the present invention s
applied has been described hereinabove, the present invention
1s not limited to such an embodiment. One of the operations at
the time of working 1n the above-described embodiment 1s to
emit a working pattern to one welding point 1n a state where
the laser emitting apparatus 3 1s being stopped. However,
instead of this, welding toward welding points by using the
working pattern may be applied, for example, by moving the
laser emitting apparatus 3 and, at the same time, rotating the
reflecting mirror to the welding points that can be irradiated
within a range of the movement. In the test mode 1n the
foregoing case, a visible light 1s configured to be emitted 1n
accordance with teaching data for applying a welding opera-
tion of this kind. Accordingly, positions of welding points, a
spread of welding points, and the like, can be checked even in
the case of applying a welding operation of this kind.

The laser-beam scannming control unit 25 (corresponding to
the working controller) for executing welding, and the test
mode control unit 27 (corresponding to the working-position
checking controller) for executing the test mode are formed
separately inside the single robot control umit 7 in the
described embodiment. However, 1t 1s not necessary to sub-
stantially separate these control units as the working control-
ler and the working-position checking controller since, 1n
reality, a so-called computer which operates by a predeter-
mined program 1s used as the robot control unit 7 itself. The
present invention can be implemented by having a program
executed by the robot control unit 7, the program generated
for performing the above-described working procedures.

Further, although a source of a visible light 1s provided
inside the laser oscillator 5 1n the above-described embodi-
ment, the visible-light source may be located anywhere as
long as the visible-light source can input the visible light into
the laser emitting apparatus 3. For example, the visible light
may be configured to be mputted to the laser emitting appa-
ratus 3 by changing a connected destination of the optical
fiber cable 6 from the laser oscillator 5 to the visible-light
source prepared apart from the laser oscillator 5. Moreover,
the visible-light source (which 1s, for example, a semiconduc-
tor laser, a light emitting diode, or the like) may be previously
provided inside the laser emitting apparatus 3 1n a manner
allowing the visible light to be incident upon (inputted to) the
reflecting mirror 11 with the same optical axis as a laser beam
for working.

Furthermore, the laser beam itsell for working may be
used, istead of the visible light, also at the time of checking.
That 1s, 1n the above-described embodiment, the laser beam
for working 1s outputted on an “as-1s” basis without switching
to the visible light at the time of the test mode. Thereby, for
example, because a trace indicating the central position
remains with a checking pattern being drawn at the time of the
central-position mode 1n the test mode, a working position
can be checked on the work piece again after the completion
of the checking operations. In the working-pattern mode, a
pattern actually processed 1s obviously expected to be drawn
on the work piece so as to be checked. Incidentally, 1n the case
where the laser beam for working 1s used instead of the visible
light at the time of the test mode, a laser output level of the
laser oscillator S may be reduced from that at the time of
working to the extent allowing the laser beam to lightly put a
trace. Additionally, a dummy work may be used as the work
piece.

The present invention described above, when checking
operations based on the teaching data for use in a laser work-
ing apparatus which emits a laser 1n a scanning pattern (a
working pattern) for working, a pattern (a checking pattern)
indicating a reference position of the working pattern 1s
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drawn with a laser beam or with a visible light instead of the
working pattern itself, whereby a difference between a
designed reference position and a working position obtained
by reproducing the teaching data can be clearly indicated.

In addition, the present invention 1s not limited to the
embodiments detailed above and can assume various modi-
fied embodiments.

Besides the laser welding, the present invention can also be
used 1n laser working, such as laser cutting and laser marking,
other than welding.

What we claim 1s:

1. A laser working apparatus comprising;:

a laser head provided with a reflector;

a laser oscillator configured to output a laser beam for
welding and a visible beam, the laser oscillator being
connected to the laser head such that one of the laser
beam and the visible beam 1s inputted to the laser head;

a mover configured to move the laser head, the mover being
attached to the laser head; and

a controller configured to control the mover so as to move
the laser head 1n accordance with a previously taught
movement route, and configured to also control the laser
oscillator and laser head such that the laser oscillator
outputs the laser beam and the laser beam inputted to the
laser head 1rradiates a work piece in a predetermined
working pattern,

wherein the controller comprises a working position
checking controller configured to control the mover so
as to move the laser head 1n accordance with the previ-
ously taught movement route, and configured to also
control the laser oscillator and laser head such that the
laser oscillator outputs the visible beam and the visible
beam nputted to the laser head 1rradiates the work piece
in a checking pattern indicating a reference position for
the predetermined working pattern,

wherein the working position checking controller 1s pro-
vided with two alternative modes, the two alternative
modes 1including a central position mode 1n which the
visible beam irradiates the work piece at a central posi-
tion of the predetermined working pattern and a working
pattern mode 1n which the visible beam irradiates the
work piece 1n a same pattern as the predetermined work-
ing pattern.

2. The laser working apparatus according to claim 1,
wherein the working position checking controller 1s config-
ured to keep the visible beam 1rradiating the work piece 1n the
checking pattern over a same time period as required for the
controller to keep the laser beam 1rradiating the work piece in
the predetermined working pattern.

3. The laser working apparatus according to claim 2,
wherein the working position checking controller 1s config-
ured to stop movement of the reflector over the same time
period as required for the controller to keep the laser beam
irradiating the work piece in the predetermined working pat-
tern.

4. The laser working apparatus according to claim 1,
wherein the reference position 1s the central position of the
predetermined working pattern.

5. A laser working apparatus comprising;:

a laser head provided with a reflector, the reflector being

configured to change a direction of an input beam;

a laser oscillator configured to output a laser beam for
welding and a visible beam, the laser oscillator being
connected to the laser head such that one of the laser
beam and the visible beam 1s mnputted to the laser head as
the input beam;
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amover configured to move the laser head, the mover being,
attached to the laser head; and

a controller having a work mode for welding 1n which the
controller causes the mover to move the laser head 1n
accordance with a movement route previously taught,
causes the laser oscillator to set, as the input beam, the
laser beam for welding, and controls the laser head to
move the reflector such that the laser beam for welding
irradiates a work piece 1n a predetermined working pat-

tern,

wherein the controller has a test mode for checking the
movement route previously taught in which the control-
ler causes the mover to move the laser head 1n accor-
dance with the movement route previously taught,
causes the laser oscillator to set, as the input beam, the
visible beam, and controls the laser head to stop move-
ment ol the reflector such that the visible beam 1rradiates
the work piece at a reference position for the predeter-
mined working pattern.

6. The laser working apparatus according to claim 5,
wherein, 1n the test mode, the controller 1s configured to keep
the visible beam 1rradiating the work piece over a same time
period as required when the controller keeps the laser beam
irradiating the work piece 1n the predetermined working pat-
tern 1n the work mode.

7. The laser working apparatus according to claim 6,
wherein, 1n the test mode, the controller 1s configured to stop
movement of the reflector over the same time period as
required when the controller keeps the laser beam 1rradiating,
the work piece in the predetermined working pattern in the
work mode.

8. The laser working apparatus according to claim 5,
wherein the reference position 1s a central position of the
predetermined working pattern.

9. The laser working apparatus according to claim 5,
wherein, 1n the test mode, the controller 1s configured to be
operable 1n a working-pattern mode in which the visible beam
irradiates the work piece 1n a same pattern as the predeter-
mined working pattern.

10. A method for controlling a laser working apparatus, the
apparatus comprising a laser head with a reflector configured
to change a direction of an input beam; a laser oscillator
configured to output a laser beam for welding and a visible
beam, the laser oscillator being connected to the laser head
such that one of the laser beam and the visible beam 1s mnput-
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ted to the laser head as the input beam; a mover configured to
move the laser head, the mover being attached to the laser
head; and a controller, the method comprising:

operating the controller 1n a work mode for welding by
causing the mover to move the laser head in accordance
with a movement route previously taught, causing the
laser oscillator to set, as the input beam, the laser beam
for welding, and controlling the laser head to move the
reflector such that the laser beam for welding 1rradiates
a work piece 1n a predetermined working pattern; and

operating the controller 1n a test mode for checking the
movement route previously taught by causing the mover
to move the laser head 1n accordance with the movement
route previously taught, causing the laser oscillator to
set, as the input beam, the visible beam, and controlling
the laser head to stop movement of the reflector such that
the visible beam irradiates the work piece at a reference
position for the predetermined working pattern.

11. A laser working apparatus comprising;:

a laser head provided with a reflector, the reflector being
configured to change a direction of an input beam;

a laser oscillator configured to output a laser beam for
welding and a visible beam, the laser oscillator being
connected to the laser head such that one of the laser
beam and the visible beam 1s mnputted to the laser head as
the input beam:;

a mover configured to move the laser head, the mover being,
attached to the laser head; and

means for performing working 1in a work mode for welding
by causing the mover to move the laser head 1n accor-
dance with a movement route previously taught, causing
the laser oscillator to set, as the input beam, the laser
beam for welding, and controlling the laser head to move
the reflector such that the laser beam for welding 1rradi-
ates a work piece 1n a predetermined working pattern;
and

means for checking the movement route previously taught
in a test mode by causing the mover to move the laser
head 1n accordance with the movement route previously
taught, causing the laser oscillator to set, as the nput
beam, the visible beam, and controlling the laser head to
stop movement of the reflector such that the visible beam
irradiates the work piece at a reference position for the
predetermined working pattern.
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